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In the course of a  series of studies on white blood cells exposed to 
the action of light, it was found that they underwent a  rapid and  ex- 
treme  degeneration  (Earle  (4)).  It  has  also  been  found  that red 
blood  cells,  when  exposed  to  light,  undergo  degenerative  changes, 
the cell swelling, and finally undergoing hemolysis. 
The fact that red blood cells of the beef may be hemolyzed through the action 
of light from the carbon arc, was shown by the work of Schmidt-Nielsen  (10) in 
1906.  A similar hemolysis was also demonstrated in the same year by Busck (1), 
who used the blood of the rabbit and irradiated it with light from a carbon arc. 
Busck also demonstrated that the rays capable of causing  this hemolysis  were 
filtered out by glass, and therefore lay in the ultra-violet region of the spectrum. 
Busck considered  that some of his experiments suggested  that oxygen played a 
definite rSle in this hemolysis. 
Dreyer and Hanssen (3) ilium{hated human erythrocytes  by means of light from 
a Bangs lamp, having cooled silver electrodes, and found that, once hemolysis had 
begun, the number of cells hemolyzed each minute coincided with the number 
which  would  be hemolyzed if the reaction were a monomolecular  one.  In this 
work the red cells were suspended  in saline, the cells being placed on a hemocy- 
tometer slide and covered with a quartz cover-slip,  through which the light was 
directed. 
Schmidt-Nielsen  (ll) irradiated erythrocytes  of the beef by means of light from 
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a carbon arc, and found that the light sensitized the cells  to hypotonic solutions, 
instead of producing a true primary hemolytic action.  He found that hemolysis 
of unirradiated cells did not occur until the salt content of the solution was reduced 
to about 0.6 per cent NaC1, whereas, after irradiation, continued hemolysis occurred 
when the salt concentration was lowered to 0.9 per cent NaC1.  When the cells 
were placed in solutions of high salt content, however, this hemolysis did not occur. 
Hasselbalch (5) had his attention called to the action of light on blood through 
the  lessened  oxygen capacity  of blood  which  had  been  exposed  to  light.  He 
showed that this diminution in oxygen capacity was the result of a  transformation 
of hemoglobin into methemoglobin.  Hasselbalch also found that  while the light 
wave-lengths, most active in causing hemolysis, were those  shorter than 310~v, 
there was some slight action by longer wave-lengths,  transmitted by glass.  He 
also found that this hemolysis, as a result of irradiation,  occurred even in a high 
vacuum, and concluded that the presence of air was not essential for its occurrence. 
Koeppe (6),  using human blood, verified this action of the ultra-violet region 
of the  spectrum  in causing a  transformation  of hemoglobin to methemoglobin, 
and in causing an hemolysis of the red cells, but believed that this hemolytic action 
was limited to wave-lengths shorter than about 270gg.  From his results he con- 
sidered that it was the action of light on the sheUs of the red cells which  caused 
their hemolysis.  Koeppe also emphasized the observation that a relatively short 
irradiation of the red cells caused very slight immediate hemolysis, hut that after 
the elapse  of some time without further irradiation,  this hemolysis was greatly 
increased.  Koeppe considered that fhere was an oxidation of the lipoid material 
of  the  shell of the  cell,  during  the  actual process of irradiation,  this  oxidation 
occurring in the presence of oxygen, and resulting in the formation of acids which, 
in turn, caused continued hemolysis of the red cells after the irradiation had been 
discontinued.  Koeppe was able to show the existence of some substance in the 
suspending fluid, in which red cells had been irradiated, which was able to hemolyze 
unirradiated red cells. 
Koeppe (7) also demonstrated that samples of children's blood, drawn immedi- 
ately after a 30 minute irradiation of the children with a  quartz mercury vapor 
lamp, were markedly more susceptible  to hemolysis by light than were samples 
drawn before the children had been irradiated. 
Reed (9), irradiated the blood of the dog with the tungsten arc, the light reach- 
ing the blood by passing through the wall of a  quartz tube inserted in the course 
of the carotid artery.  He found that only minor changes  occurred in the  hemo- 
globin concentration of the blood, and in the erythrocyte count. 
Clark  (2)  irradiated  the ears of rabbits with light from the iron arc and  also 
noted only minor changes in the hemoglobin and in the erythrocyte count. 
Miles and Lanrens (8) irradiated dogs 1 hour a day for 8 days, using the carbon 
arc as a light source, and found an initial increase in the red cells.  This increase 
was later followed by a decrease. W.  R.  EARLE  669 
Materials  and  Methods. 
The observations were made on hanging drops of blood obtained from rabbits. 
A drop of blood was drawn by pricking an ear vein.  A cover-slip was touched to 
this drop, removed, and given a slight jerk so that the blood adhering to the cover- 
slip was spread out into a streak.  The cover-slip was then inverted over a hollow 
ground slide,  and its edges sealed with "Salvoline."  The culture was placed at 
once in a dark water-jacketed incubator kept at 39  °.  This entire procedure was 
carried out in dim light,  and as none of the preparations  was kept longer than 
about 3 hours, no special effort at  asepsis was made.  These preparations  were 
made in groups of three or four, one preparation being irradiated  and simultan- 
eously observed, the other two or three in the set being kept in the dark as controls. 
In the irradiation  of these cuitures,  the same light source and optical system 
used in the work previously reported (reference 4; spectrum 4; Fig. 4) were em- 
ployed.  Irradiation was begun within  10 minutes  after  the preparation of the 
culture.  The culture was kept under constant observation during the whole time 
of irradiation. 
EXPERIMENTAL. 
A  representative  culture  showing the degeneration of the red  ceils 
under the action  of  light  is  presented  below.  Where reference  to the 
degeneration of the leucocytes  is made, discussion  has been limited 
to  the  polymorphonuclear  neutrophil,  which  is  used  as  a  typical 
example. 
Experiment 1. 
Culture 1572.--Irradiation was begun.  The red cells were normal at this time: 
the leucocytes were moving around slowly.  30 minutes later: The red cells were 
markedly swollen and appeared practically biplanar in profile.  40 minutes:  The 
red cells were even more swollen,  the neutrophils were moving slowly and irregu- 
larly.  55 minutes:  Within the last 5 minutes a complete hemolysis of all red cells 
within the irradiated  area had occurred.  When examined in gross at  this  time 
the slide showed an area of complete hemolysis. 
Culture 1573.--Control culture, kept in the dark.  60 minutes after inoculation: 
The red ceils were not swollen,  nor were there any gross signs of hemolysis.  The 
neutrophils were apparently quite normal and were moving around fairly rapidly. 
The  process  of  degeneration  of the  red  cells,  under  the  action  of 
light,  as observed  in  these  cultures,  took place  as  follows:  In from 
15 to 30 minutes after  irradiation  had begun, the red cells in the irra- 
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looked merely a  trifle thicker than  normal,  especially around  their 
periphery.  The  swelling continued however, and  the  erythrocytes 
gradually  lost  their  biconcave profile  and  became  first  almost  bi- 
planar  in profile, then biconvex.  In a  short time they had become 
perfectly spherical, and also more turgid, as indicated by an increased 
resistance of the cells to deformation.  However, in spite of the swell- 
ing  and  increased  turgor,  there was  only  a  slight  increase  in  the 
greatest diameter of the cells.  This process of swelling required from 
30-90 minutes. 
During  the  early  part  of  this  process  there  was  no  appreciable 
liberation  of  hemoglobin.  During the latter part the results  were 
inconstant, but  in  the  majority  of  instances  there  was  a  gradual 
liberation of hemoglobin from the cells.  This appeared to take place 
from all of the cells simultaneously.  Often however, there was no 
trace of such an hemolysis during the swelling process.  In such in- 
stances, a short time after the cells had become spherical, there was a 
sudden liberation  of  large  concentrations of  hemoglobin from  the 
cells into the surrounding solution.  This liberation appeared to take 
place simultaneously from all of the cells,  and it often took place so 
suddenly that while at  the beginning of the liberation process, the 
cells were normal in color, 3 minutes later not a single pigmented red 
cell could be distinguished in the whole microscopic field.  All had 
been reduced to achromatic shadowy shells, while the culture medium 
had a  deep orange tinge from the liberated hemoglobin.  This com- 
plete process of liberation required about 90-110 minutes. 
In the cells of a few cultures another modification of the process of 
liberation of the hemoglobin  was noted.  In these, the release occurred 
very gradually and never went to completion, as the ceils remained 
of a distinct red color.  Upon continued irradiation, instead of further 
liberation of pigment, the red cells took on the appearance of having 
been coagulated.  They became less translucent than the normal cells 
and their outlines became increasingly hazy. 
Hanging drop preparations similar to those above described, were 
made in the course of some other experiments.  In these, however, 
the blood was diluted with 5-10 volumes of unbuffered or buffered 
Locke's solution.  Upon irradiation of these preparations a strikingly 
different picture of degeneration was noted.  As before, the cells be- w.  R.  EAR~  671 
came swollen, and  finally spherical,  but  following this,  instead of a 
partial  hemolysis of the  cells,  accompanied by  a  coagulation,  or a 
sudden, almost explosive hemolysis of all of the cells exposed to light, 
there occurred a complete hemolysis of the cells, one or two at a time. 
This process was continued until finally, in from 15 minutes to 4 hours 
after the initiation of hemolysis, every cell in the field appeared as only 
a colorless shadow or "ghost" cell.  Typical protocols from this series 
may be seen in Experiment 3 (page 672). 
In the actual process of liberation of the hemoglobin, in both the 
diluted and the concentrated blood, no change could be observed in the 
walls of the red cells, and there was certainly no sign of gross rupture. 
Apparently  the  liberation  of pigment  was  due  to  some  submicro- 
scopic change, either in the cell contents, the cell wall, or both, this 
change being such as to allow the pigment to leak out through the 
cell wall. 
The next point considered was whether the range of wave-lengths of 
the light rays causing this hemolysis coincided with the range causing 
the degeneration of the leucocytes, as described in the previous paper. 
To determine this, hanging drops of blood were employed, as in the 
preceding experiment, and the same light source was used as formerly. 
Wratten filters Nos. 29, 45 and 58, and a 5 per cent total transmission 
neutral filter were consecutively substituted for the Corning daylight 
glass  in  the optical  system.  Wave-lengths of light  transmitted by 
each of the filters employed were very active in causing hemolysis of 
the red cells.  Further, the rate of degeneration of the cultures when 
irradiated under any one of the three colored filters, was practically 
the same.  Nor did the rate vary from the rate shown when the cul- 
ture was irradiated without a  filter or with a  5 per cent total trans- 
mission neutral filter. 
In all of these preparations serum had been present in some quan- 
tity, and the question next came up as to  whether its presence was  a 
factor conditioning  the appearance of this  degeneration of the  red 
cells under the action of light.  In order to obtain data on this point, 
1 cc. of blood was drawn from an unanesthetized rabbit, by cardiac 
puncture.  This blood was immediately mixed with  15  cc. of unbuf- 
fered Locke solution  and then  centrifugated at  low speed  in  order 
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times.  The cells  were then suspended in 10 cc. of unbuffered Locke 
solution  and  hanging  drop  preparations  were  made  as  before. 
Upon irradiation of these hanging drops,  complete hemolysis of the 
cells occurred as usual, except that it took place with greater rapidity 
than in the hanging drops of whole blood, and in a manner similar to 
that  described  for the  irradiated cells of whole blood  diluted with 
Locke solution.  From this it would appear that serum is not essential 
for the degeneration of the red cells under the influence of light.  The 
protocol of a  representative culture of this series is presented below. 
Experimen~ 3. 
Culture  1625.--Washed  red cells, suspended in Locke solution.  Upon first 
examination the erythrocytes appeared normal.  Irradiation was begun.  9 min- 
utes later: Every cell in the field had swollen until it was spherical.  At this time 
two cells ill the field had hemolyzed.  13 minwtes: About 70 per cent of the cells 
in the field  had hemolyzed,  the rest were swollen  but showed  no trace of hemolysis. 
16 minutes:  There were only two unhemolyzed  cells  left in the field.  16½ minutes: 
The last cell had hemolyzed.  The control cultures kept in the dark showed no 
hemolysis. 
In  this  laboratory,  during  the  last  3  years,  many thousands of  supra- 
vital  preparations of  blood cells  have been made and studied.  Some 
of these have been cxposed to light  for a number of hours, but no 
striking  or rapid degeneration of these smears, due to the action of 
light,  has been noted.  Thesc supravital preparations wcrc made by 
placing a drop of  blood on a cover-slip  and dropping the cover,  blood 
surface down, onto a clean slidc  coated with neutral red or neutral 
red  and Janus green,  and scaling  the  culture  with vaseline. 
There being the possibility  that a degeneration  due  to  thc  ac- 
tion of light did occur in such a preparation, but that it had been 
overlooked,  a group of such fiat  smear preparations werc made, the 
blood being drawn from the car vein of  a rabbit.  No  dye was used 
on these slides.  At the samc time, a group of similar prcparations 
were made,  the only difference  being that instead of inverting and 
scaling  thc cover-glasses  on the usual plane slides,  they were inverted 
over the wells  of hollow ground  slides,  giving preparations such as 
those used in  the last  experiment.  The edges of the cover-slips  were 
scaled  with Salvolinc.  Of these two sets  of  slides,  half  of  each  set  was w.  R.S.A~LE  673 
irradiated  with  light  from  the  source  previously  described,  and  the 
other half was  kept  in  the dark  incubator  as a  control.  Data  from 
representative cultures from these sets are given in Tables I  and II. 
TABLE  I. 
Time Required  for the Degeneration of Leucocytes and Erythrocytes in Hanging Drop 
Preparations of Whole Blood. 
Culture number 
In light  In dark (control) 
'Igme  Condition  of cells  Time  Condition  of cells 
r~in.  mln. 
1051  180  r.b.c, swollen, hemoly'zed; p. 
markedly  degenerate 
1052  360  r.b.c, not hemolyzed; no data 
onp. 
1053  360  r.b.c, not hemolyzed; no data 
on p. 
1057  70  r.b.c,  hemolyzed;  p.  round- 
ing up, edematous 
1058  190  r.b.c, normal; p. normal 
1058 A  190  r.b.c, normal; p. normal 
1059  100  r.b.c, hemolyzed; p. rounded 
up, degenerate 
1060  50  r.b.c, swollen; p. rounded up 
1061  75  r.b.c, normal; p. normal 
1062  65  r.b.c, swollen; p. rounded up 
1063  190  r.b.c, normal; p. normal 
1317  120  r.b.c, swollen; p. rounded up 
1318  160 
1319  160 
Average...  100 rain. or 1.7 hrs. 
r.b.c,  swollen,  hemolyzing 
p. swollen, hemolyzing 
r.b.c, normal; p. moving very 
slowly 
r.b.c, normal; p. moving very 
slowly 
197 rain. or 3.3 hrs. 
r.b.c, normal 
p. normal 
r.b.c...red blood cells. 
p ...... polymorphonuclear neutrophils. 
Table I,  Columns  2  and 3,  shows that  an average of 1.7 hours was 
required  for  the  neutrophils  present  in  the  irradiated  area  of  the 
hanging  drop  culture  to  round  up.  At  this  time,  many  of the  cells 
showed  a  distinct hydropic  degeneration.  By  this time also  the red 674  EFFECT  OF  LIGHT  ON  BLOOD  AND  TISSUE  CELLS,  II 
TABLE  II. 
Time  Required for the Degeneration of Leucocytes and Erythrocytes in Flat Smear 
Preparations of Whole Blood. 




1025  6.5  r.b.c,  normal;  p.  moving 
slowly 
1026 
1063  7.C  r.b.c, practically normal; few 
rounded up; majority still 
motile 
1054 










Condition of cells  Time  Condition  of cells 
hrs. 
r.b.c,  normal;  many  p. 
rounded  up;  some  still 
motile 
6,0  r.b.c,  slightly  shrunken;  no 
gross hemolysis; p.  slowly 
motile 
I1.0  Some  of  r.b.c,  hemolyzed, 
some  swollen;  hemolysis 
slight; p. rounded up 
6.5  r.b.c,  normal;  p.  moving 
slowly 
7.O  r.b.c,  in  slightly better  con- 
dition than in No. 1053; p. 
as in No. 1063 
4.0  r.b.c.asinNo. 1450;p. normal 
4.0  r.b.c.asinNo. 1450;p. normal 
6.0  r.b.c,  normal;  p.  normal 
6,0  r.b.c,  normal;  p,  moving 
slowly 
6.0  r.b.c,  normal;  p.  moving 
slowly 
11.0  r.b.c, as in No. 1457; p. as in 
No. 1457 
11.0  r.b.c, as in No. 1457; p. as in 
No. 1457. 
Average  ..... 6.9  r.b.c,  normal or slightly de- 
generated 
p. slowly motile; some rounded 
up 
6.9  r.b.c,  slightly  less  degener- 
ated 
p.  slightly less degenerated 
r.b.c.., red blood cells. 
p ......  polymorphonuclear neutrophils. W.  R.  EARLE  675 
cells within the illuminated area were badly swollen and showed definite 
hemolysis, and in almost all cases free red cell pigment could be seen 
in solution in the culture medium. 
Columns 4 and 5 of Table I  show the results from similar cultures 
kept in the dark as controls.  At the end of an even longer average 
time, 3.3  hours, there was no sign of a  rounding up or of hydropic 
degeneration of the neutrophils of these cultures, nor was there any 
other sign of their degeneration.  Further, even when the slides were 
examined after 4 hours, there was no sign of hemolysis of the red cells, 
except of those few cells injured in the preparation of the culture. 
On the other hand, as shown in Columns 4 and 5 of Table II, at the 
end of 6.9 hours the neutrophils in the flat preparations kept in the dark, 
were moving around, though rather slowly, and the red cells showed 
only a very slight degeneration.  The neutrophils in the flat prepara- 
tions  exposed to  light  were also  still  moving arVund,  though very 
slowly, generally a little more slowly than in the control, while the red 
cells showed only slightly more degeneration than had been shown by 
those in the flat slide cultures held in the dark. 
It seemed legitimate to conclude that this striking difference in the 
rates of degeneration of the blood cells on fiat slides  and in hanging 
drops, when irradiated, was due to the influence of some factor essen- 
tial for the degeneration of both red and white blood cells when sub- 
jected to irradiation.  In considering what this factor might be, there 
were three possibilities:  (1)  differences in evaporation from the two 
types of cultures,  (2)  differences in  the  thickness of the irradiated 
blood film, or (3) differences in the amount of air with which the cul- 
ture was in contact. 
An examination of the first of these, i.e. the influence  of evaporation, 
showed that in the flat slide preparations the only marked evaporation 
which occurred was  that  which took place within  the  few seconds 
before the culture was sealed.  On the hollow ground slide, however, 
in addition to this evaporation, there was also  the evaporation  from 
the hanging drop necessary to saturate the air in the hollow chamber 
of the slide.  This chamber was found to have a  volume of 0.25  cc., 
whereas the volume of the hanging drop of blood used, as measured 
from a  volumetric pipette,  was  found  to  be about  0.005  cc.  The 
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/cc.,  therefore 0.0000125  gm. of water vapor from the hanging drop 
would be required, to saturate the air in the welt of the hollow slide. 
This represents an evaporation of about 0.25 per cent of the total vol- 
ume of the drop.  It is obvious that this additional evaporation is too 
small  to  constitute  the  factor responsible  for  the  difference in  the 
behavior of the two types of cultures under the action of light. 
In considering the second possibility, that the thickness of the layer 
of red blood cells might constitute the essential difference in the two 
types of preparations,  it was obvious that  the hemolysis of the red 
cells and the degeneration of the white cells might be dependent on the 
greater absorption of light carried on by a relatively thick layer of cells, 
as in the hanging drop preparations.  It might not occur at all, or to a 
very slight degree in films one cell thick, as in the fiat slide prepara- 
tions.  This hypothesis was tested out by making a  diluted suspen- 
sion of red cells in unbuffered Locke solution, and irradiating hanging 
drops of these, as previously described.  By this technique, films were 
obtained which were one cell thick, and which consequently had the 
same magnitude of light absorption as did the films on the fiat slides. 
The concentration of serum in these cultures was lower than the con- 
centration in the cultures of whole blood, but it has already been shown 
that the hemolysis of the red cells under the action of light, was not 
dependent on the presence or absence of such concentrations of serum 
(page 672).  In these preparations, as in the hanging drops of undi- 
luted blood,  the hemolysis of the cells was striking, and showed con- 
clusively that  the  essential  difference between the  behavior of the 
fiat  slide preparations  and  the  hanging drop  preparations  of whole 
blood was not due to the thickness of the layer of blood cells. 
On the other hand, while, owing to  the marked reducing powers 
of the freshly drawn blood itself, the blood on the fiat slide was under 
strongly anaerobic  conditions within  a  very few minutes  from the 
sealing of the culture, the hanging drop culture remained in contact 
with about  50 times its own volume of air.  It seems logical to  as- 
sume that  this  was  the  difference responsible  for the divergent be- 
havior of the two types of preparations when subjected to irradiation. w.  R.  EAGLE  677 
DISCUSSION. 
The degeneration, or hemolysis, of the red cells under the action of 
light, as described in this article, accords with the results of previous 
workers,  who have found that  light does exert a  marked hemolytic 
effect on red blood cells.  In particular it confirms the work of Hassel- 
balch  who  found  that  this  hemolytic  action  was  caused  by  ultra- 
violet light, and also by light wave-lengths extending at least a  short 
distance down into the visual spectrum.  At the same time it  extends 
Hasselbalch's  work  in  showing that  the  rays active in causing this 
degeneration are distributed throughout the visual spectrum, lying in 
each  of  the  three  following zones:  (a)  430~-550#~;  infra-red;  (b) 
475u~-630~; 690m~- infra-red; (c) 600~#-infra-red. 
In considering  the  relative activity of the blue, green and the red 
regions  of  the  spectrum  in  causing  this  degeneration,  it  should  be 
noted that the green filter transmitted about 23 per cent of the light 
reaching it, while the blue and red transmitted only about 5 per centand 
6.6 per cent respectively.  The time required to produce hemolysis by 
the action of light passing through any one of these three filters was, 
within the limits of error, the same.  This fact appears to be open to 
two  possible interpretations:  (1)  that  through  chance,  the  activity 
of the spectral zone transmitted by each of these filters, times its total 
transmission,  is  practically  identical  for  the  whole  series  of three 
filters, or (2)  that within the range of light intensities used, different 
intensities  produced  little  change  in  the  period  of time required to 
cause hemolysis of the red cells.  That the second condition prevailed 
was shown by irradiation of the cultures through a neutral 5 per cent 
filter.  With  such a  filter,  the time required to produce hemolysis of 
the  red  cells was practically  the  same  as when no filter, or any one 
of the three above described, was used. 
If a  comparison is made between the process of degeneration of the 
neutrophils  under  the  action  of  light,  as  previously  described(4), 
and the process of degeneration of the red cells, the similarity is evi- 
dent.  Both types of cells swelled to a  marked degree.  In the neu- 
trophils this swelling often occurred  to  such  a  degree  as to  rupture 
the cells, and in the red cells it became so great  as  to result in an ex- 
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occur through a gross rupture of the cell wall.  It will be noted also, 
that  the terminal stage of the degeneration in the neutrophils was 
often one of cell coagulation.  As has been stated, in some instances 
the hemolysis of the red cells was incomplete, the cells assuming an 
opaque, coagulated appearance after having lost only a  part of their 
pigment.  It  would seem that  light  had  produced some degree of 
coagulation of the cells before all  of the hemoglobin could escape, 
thus  producing a  condition in the red cells paralleling the terminal 
coagulation of the neutrophils. 
One very  striking point in  regard  to  these experiments was  the 
interrelation of the degeneration time of the red cells and of the neu- 
trophils.  During the whole process of the degeneration of the red 
cells, up to the time when the release of hemoglobin began, there was 
generally little  or  no  change in  the neutrophils.  However, within 
a  short  time after hemoglobin began to appear  in  the surrounding 
medium,  the  neutrophils  rapidly  ceased  moving and  rounded up. 
Following this, the degeneration of the white cells was rapid, and often 
within  10  or  15  minutes the  neutrophils were  showing a  marked 
hydropic degeneration. 
Inasmuch as the red cells are heavily pigmented, whereas the white 
cells are practically achromatic, it appears  natural that the former 
should,  because  of  their  greater  light  absorption,  degenerate  far 
sooner than the latter.  That this is the case has been shown in these 
experiments, in which the red cells generally showed a marked hydro- 
pic degeneration before the white cells were visibly affected.  At the 
same time it is possibly more than a coincidence that the degeneration 
of  the white  cells was often first  noted immediately following the 
escape of hemoglobin from the red cells.  The question is naturally 
raised as to what r61e, if any, the substances liberated from the red 
cells in  such a  degeneration may play in causing the degeneration 
of the white cells. 
One rather striking point brought out by these experiments is the 
difference in the manner of hemolysis of the cells in whole blood and in 
blood diluted with unbuffered Locke solution.  Upon irradiation of 
either, there was a gradual swelling of the cells.  Following this swel- 
ling, in whole blood, the liberation of pigment often occurred with 
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hemolysis in just a minute or so.  In cases where this rapid hemolysis 
was not found, there was apparently a gradual loss of hemoglobin  from 
all of the cells simultaneously.  This process sometimes required as 
long as several hours.  In dilute cell suspensions however, after the 
cells had become spherical, the ceils all hemolyzed one or two at a 
time, as described by Dreyer and Hanssen (3).  While this difference 
was sharply defined, the data are at present too incomplete to allow 
any conclusion as to the factors responsible for it. 
In considering the influence of serum on the hemolytic action  of 
light on red blood cells, the hemolysis of the cells occurred either when 
serum was present only in traces, or in large amounts.  While it has 
been impractical to study the action of light on cells freed from the 
last trace of serum, it would appear that the hemolysis  is not dependent 
on the presence or absence of serum, although the serum may serve to 
retard the reaction. 
In regard to the comparative behavior of the flat preparations and 
the hanging drop preparations of whole blood, when irradiated, the 
factors of evaporation, of the thickness of the blood film, and the 
concentration of the blood serum have been eliminated.  The data 
indicate that the essential difference  between the two types of prepara- 
tions has to do with the amount of air with which the culture is in 
contact.  In the hanging drop preparations the blood is in equilibrium 
with about 50 times its Own volume of air, whereas, in the flat prepara- 
tions, the blood is so sealed that it has no contact with the air. 
While this conclusion supports the belief of Busck (1), that oxygen 
plays some r61e in the hemolysis of red ceUs under the action of light, 
it does not agree with the conclusions of Hasselbalch (5), who found 
that it occurred in the absence of air.  Because of the many points of 
variation in the technique employed  by Hassdbalch and that employed 
in this work, further data will be necessary before an accurate com- 
parison of results can be made. 
SUMMARY. 
1.  It was found that when hanging drops of whole blood, drawn 
from a rabbit, were subjected to irradiation from certain light sources, 
a striking degeneration of the white and of the red cells occurred.  In 
this degeneration of the red cells there was (a)  a preliminary period 680  EFFECT  OF LIGHT ON  BLOOD  AND  TISSUE CELLS.  II 
of  15-30  minutes  during which  no  effect was  noted;  (b)  following 
this,  there was a  period during which the cells swelled and became 
first almost  biplanar,  then biconvex, and finally spherical.  After a 
spherical  shape had  been assumed,  the liberation of blood pigment 
from the cells began.  This process progressed with varied rapidity, 
sometimes being very slow, and  being incomplete; sometimes being 
of almost explosive rapidity.  This liberation was not accomplished 
in either case through a  gross rupture of the cells, but through  the 
agency  of  some  submicroscopic  change  produced either in the cell 
contents, the cell wall, or both.  Following this liberation of pigment, 
in some cultures the red cells showed signs of coagulation, as did the 
white cells.  In other cultures, however, the red cells were reduced 
to achromatic shadows. 
2.  When whole blood was diluted with unbuffered Locke solution 
and then irradiated in hanging drop preparations,  the erythrocytes 
swelled, as in whole blood, but then, instead of an  almost  instanta- 
neous hemolysis of every cell present, or a  slow liberation of hemo- 
globin from each individual cell, all the red cells hemolyzed, one or 
two at a  time, the hemolyzed cells being left as achromatic shadows. 
3.  This hemolysis of the red cells, as in the case of the degeneration 
of the white cells, occurred upon irradiation of the culture with white 
light, or with light lying in  each of the three spectral zones of the 
visual spectrum, defined by Wratten filters Nos. 45, 58 and 29 respec- 
tively,  as  follows:  (a)430~-550~;  infra-red;  (b)  475~-630~; 
690#~-infra-red; (c) 600~g-infra-red. 
4.  Within the range of intensities of light employed, there was little 
or no difference in the rate at which light of these three regions acted 
on the red cells.  Further, this rate was the same as was the rate when 
the  red  cells were irradiated with  no colored filter interposed in the 
optical  path,  or when  a  5  per  cent  total transmission neutral filter 
was interposed. 
5.  It  was  shown  that  this  degeneration of the red cells under the 
action of light was not dependent on the presence or absence of serum, 
with the possible  exception of that  trace which might have been ad- 
herent to the red cells even after repeated washing. 
6.  The white cells in the culture generally showed no changes until 
after traces of red cell pigment could be seen  free in  the  surround- 
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7.  On the other hand, no neutrophils were observed moving around 
for longer than a  few minutes after the liberation of red cell pigment 
had occurred. 
8.  The liberation of substances from the red blood cells, as a result of 
irradiation  of  such  preparations,  may  play  some  major  r61e  in  the 
degeneration of irradiated white ceils. 
I  wish to express my appreciation to Dr.  R. S. Cunningham, of the 
Department of Anatomy, under whose supervision this work has been 
carried on, to Drs. W. E.  Garrey and C. E. King, of the Department 
of Physiology, and  to  Dr.  G.  E.  CuUen,  of the Department of Bio- 
chemistry, for their helpful suggestions and aid. 
BIBLIOGRAPHY. 
1.  Busck, G., Die photobiologischen Sensibilisatoren und ihre Eiweissverbindung, 
Biochem. Z., 1906, i, 425. 
2.  Clark, J. H., Action of light on the leucocyte count, Am. J. Hyg., 1921, i, 39. 
3. Dreyer, G., and Hanssen, O., Sur la loi de la vitesse d'h~molyse des h~maties 
sous Faction de la lumi~re, de la chaleur, et de quelques corps h~molytiques, 
Compt. rend. Acad., 1907, cxlv, 371. 
4. Earle, W. R., Studies upon the effect of light on blood and tissue cells.  I. 
The action of light  on white blood cells in vitro,  J. Exp. Med., 1928, xlviii, 457. 
5. Hasselbalch, K. A., Untersuchungen  ~lber die Wirkung des Lichtes auf Blut- 
farbstoffe und rote BlutkSrperchen  wie ouch fiber optische  Sensibilisation 
ffir diese Lichtwirkung, Biochem. Z., 1909, xix, 435. 
6. Koeppe, H., Angriffspunkt und Wirkungsweise der ultravioletten Strahlen in 
der Nahrung und im KSrper  des Kindes.  I. Einfluss  der ultravioletten 
Strahlen auf rote BlutkSrperchen in vitro, Arch. Kinderheilk.,  1926, lxxix, 
109. 
7. Koeppe,  H., Angriffspunkt  und Wirkungsweise der ultravioletten Strahlen 
in  der  Nahrung  und  im  KSrper des Kindes.  II. U.V.-Strahlenwirkung 
auf rote Blutscheiben in corpore, Arch. Kinderheilk.,  1926, lxxix, 198. 
8.  Miles, A. L., and Laurens, H., The physiological action of darkness, daylight 
and of carbon  arc radiation.  IV. The effects of carbon arc radiation on 
some of the physical characters of the blood of dogs, Am. J. Physiol., 1925- 
26, lxxv, 462. 
9. Reed, C. I., Studies on the physiological action of light.  IV. Effects on the 
blood of irradiation in vivo, Am. J. Physiol., 1925, lxxiv, 525. 
10.  Schmidt-Nielsen,  S.,  N'ogle erfaringer  om  lyset  sore  reagens,  Medddelser 
Finsens Med. Lysinstitut, 1906, x, 111. 
11.  Schmidt-Nielsen,  S., Lidt om deride Blodlegemers Forhold in Koncentreret 
Lys., Aarber f. d. Biol. Selskas. i. Christiania,  1908, N'yt. Mag. Naturv., 1909, 
xlvii, 10. 